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Abstract—Pathological thrombus formation is initiated by the 
interaction of blood platelets to immobilized proteins at the vessel 
wall. Platelet surface adhesion leads to biochemical activation 
and structural reorganization resulting in spreading of the 
platelet across the adhesive surface. Extensive studies have been 
carried out to examine platelet spreading responses on 
continuous substrates but little is known about the impact of 
protein surface distribution on platelet function. This paper 
describes the development of a micro-contact printing technique 
to establish defined 2-dimensional arrays of the thrombogenic 
protein fibrinogen at the surface of glass substrates, with the aim 
of investigating the impact of protein surface distribution on 
platelet biochemical signaling events associated with the 
adhesion/spreading process. 
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I. INTRODUCTION 
Pathological thrombus formation is a complex disease 
process governed by three fundamental parameters:  i) 
disturbance of haemorheology or blood flow dynamics; ii) 
abnormalities in blood constituents; and iii) endothelial injury 
or disruption. Endothelial injury results in the presentation of 
an array of reactive proteins that both initiate the adhesion of 
blood platelets to sites of vessel injury and propagate the 
development of potentially occlusive pathological thrombi. To 
date, in vitro models of platelet adhesion under both static and 
blood flow conditions have predominantly utilised purified 
blood proteins non-specifically adsorbed to glass substrates to 
investigate platelet adhesion and associated cell signalling 
events [1-3]. Although useful, these continuous protein 
substrates do not address the potential effects of non-uniform 
protein distribution on platelet adhesion and biochemical 
activation. Given the heterogeneous distribution of adhesive 
proteins within the blood vessel wall and at sites of vessel 
injury in vivo, it is of interest to study the interaction of 
platelets with artificially patterned arrays of adhesive proteins.  
Dependent on cell-type and the nature of the protein 
substrate the interacting cells may undergo a phase of initial 
adhesion and subsequent spreading.  The propensity to spread 
is in part determined by the separation distance between 
adjacent protein elements.  Thus by carefully controlling the 
separation and distribution of the protein array, the spatial and 
temporal dynamics of cell surface interactions can be 
modulated.  Furthermore, the effect of spatially restricting the 
rate and extent of cell spreading in this way can be utilized to 
probe the relationships between biochemical signaling events 
and the structural elements of the cell. 
Patterning and attachment of cells to glass has been 
accomplished by deposition of lipid films with strips of the 
lipid removed for cell attachment to the clean glass substrates 
[4]. Metal films can adhere proteins to otherwise non-adhesive 
surfaces.  It is possible to pattern these thin metal films to 
create protein arrays [5]. Some other methods use surface 
chemical modification using ultraviolet (UV) irradiation 
through a mask, allowing dorsal root ganglion (DRG) cells to 
follow the pattern [6].  
One of the most accepted methods over last decade for 
creating surface patterns is Microstamp printing. Microstamp 
printing, also known as Micro-contact printing, is well known 
as an emerging alternative of Photolithography, in which an 
elastomeric stamp, generally polydimethylsiloxane (PDMS), is 
used to transfer molecules of the “ink” to the surface of the 
substrate by contact, like a ‘rubber stamp’.  
Micro-contact printing of self-assembled monolayers 
(SAMs) has been reported. Lopez et al. [7] presented patterning 
the adhesion of mammalian cells to surfaces using SAMs of 
alkanethiolates on gold substrate. This was then covered with 
thin layer of protein by exposure of alkanethiols to laminin for 
selective cell adhesion.  
Other, non-biological applications of micro-contact printing 
have been reported.  For instance a self assembled monolayer 
was printed onto a gold surface and used as ultrathin resists in 
selective wet etching[8] achieving far higher resolution than is 
possible with optical lithography. Similarly, a micro-contact 
patterned self assembled monolayer has been used to control 
the wetting, dewetting, nucleation, growth, and deposition of 
other inorganic materials [9].  
Many of the biological studies using micro-contact printing 
to date have been concerned with neural cells and the 
formation of networks of these cells [10-11].  Neural cells are 
relatively large, requiring protein islands of the order of 20µm 
separated by 100µm.  Micro-contact stamping on this scale is 
challenging, but has been quite successful.  In comparison, 
discoid blood platelets with a diameter in the order of 2µm are 
far smaller and thus require islands of 1µm dimension with 
separation distances in the range of 1-7µm.  Stamping protein 
with such high resolution is a significant challenge. 
In this paper, we report the production of arrays of the blood 
protein Fibrinogen using micro-contact printing. The novel 
aspect of this paper is that we have achieved very high 
resolution biological patterning with arrays of 1µm features 
separated by approximately 5µm being demonstrated. 
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II. MATERIALS AND METHODS 
The stamping process is broken into several steps.  First an 
inverse master pattern is fabricated.  This master is then cast as 
a stamp in the material polypolydimethylsiloxane (PDMS).  
The stamp is surface plasma treated immediately prior to 
being coated with protein and this protein is printed onto a 
pretreated microscope slide. Finally, the quality of the stamped 
protein pattern is assessed by conventional and fluorescence 
microscopy. Each step is detailed in the following: 
A. Master  fabrication  
The master pattern was fabricated by coating a glass wafer 
with a 2.5µm thick film of photoresist, SU-8 2002, and 
patterning using a photomask with 1µm to 10µm features with 
various separations ranging from 1 to 10µm.  The exposed and 
subsequently thermally cross-linked portions of the film are 
rendered insoluble to liquid developers. The master was then 
developed, dissolving the unexposed regions.  The resulting 
master was thus a plane of photoresist patterned with holes (as 
depicted in Fig 1). The advantages of using SU-8 2002 in 
compare to positive resist are sturdier mechanical and chemical 
properties as well as to be capable of producing a high contrast. 
B. Stamp fabrication  
The master was coated with a detergent, (5% Triton-X 
solution), to aid release of the cast stamp [10].  A cylindrical 
Perspex shim was placed around the master features of interest 
(as shown in Fig 1), and was filled with PDMS. A clean glass 
slide, thinly coated with PDMS, was placed on top of the shim. 
Both uncured PDMS were placed in a vacuum to remove 
dissolved gas and avoid bubbles in the final stamp for at least 
20 min before the glass was placed on top of the shim. The 
stamp was cured at 65°C over night.  The PDMS adheres 
strongly to the top glass plate. This provides mechanical 
support for the stamp.  The PDMS was easily removed from 
both the Perspex shim and the detergent coated master pattern.  
The resulting stamp was thus a flexible inverse PDMS cast of 
the master bonded to a rigid glass slide as shown in Fig 1.  Fig 
2 presents an optical microscope image of a realized stamp. 
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Figure 1.  Cross-section of stamp fabrication. The photoresist master is 
patterned with holes, a perspex shim contains the PDMS stamp during curing.  
A glass slide adhered to the stamp provides mechanical support. 
 
Figure 2.  Microscope image of PDMS stamp (1µm dots, 1µm spacing) 
C. Coverslips preparation 
A very thin glass,100 µm, microscope coverslip substrate 
was cleaned and transferred to boiling water for 10 min, prior 
to the silanisation procedure. The silanisation process tended to 
reduce the adsorption of protein polar compounds onto the 
surface of the glass substrate. Consequently possible reactions 
between the protein and the glass were eliminated.  
The substrates were silanised by immersing them in a 
mixture of 1% 3-aminopropyltrimethoxysilane (3-APS) in 
methanol: acetic acid, 99.9 : 0.1 by volume for 15 min after 
boiling[10]. Substrates were rinsed in methanol for 1 min then 
dried with nitrogen and baked at 120°C for 5 min to complete 
the hydrolysis reaction [12]. A 2.5% solution of glutaraldehyde 
in de-ionised water was used as a cross-linker and applied to 
the silanised substrates for 30min. Excess glutaraldehyde 
solution was removed by rinsing in the de-ionized water [10]. 
The first trial showed that the pattern definition and amount 
of transferred protein on the plane coverslip by far is less than 
the one on the pretreated coverslips.    
D. Stamp surface Plasma treatment 
Owing to the fact that unmodified PDMS presents a 
hydrophobic surface, the stamps were difficult to wet with the 
aqueous protein solution.  The untreated, hydrophobic, PDMS   
is prone to the adsorption of other hydrophobic species and will 
often nucleate bubbles [13]. Exposure to air plasma alters the 
PDMS surface rendering it hydrophilic; however, this 
hydrophilic property of surface is unstable in air and the 
surface reverts to being hydrophobic in less than hour [13].  Fig 
3 presents an illustration of the effect of surface plasma 
treatment.  Without treatment, the liquid has a large contact 
angle with the stamp.  The stamp features can behave in a 
superhydrophobic manner exacerbating the problem.  With 
plasma treatment the contact angle is significantly reduced and 
the protein wets evenly to the stamp.  
Fig 4. presents contact prints from stamps with and without 
surface plasma treatment.  The treated stamp produces a 
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uniform array of protein islands while the untreated stamp 
exhibits bubbles where the protein has failed to wet the stamp. 
 
Figure 3.  different contact angles with and withoug  plasma treatment. 
    
Figure 4.  optical microscopy image of printed protein (Left ) with plasma 
treated stamp, and (Right) with unmodified stamp bubbles, place protein not 
being printed, can be found all over the picture.. 
E. Protein array stamping 
The stamping procedure was carried out according to 
Branch et al. [10]. The cured PDMS stamp was adsorbed with 
FITC-labeled Fibrinogen solution (FITC-FGN, 100µg/ml 
water) by applying several droplets of protein on the stamp 
face and soaking the stamp in the protein for 2 hours. The 
stamp was then dried using nitrogen. Coverslip stamping was 
conducted using a mask aligner, which enabled visual 
monitoring of stamp deformation to regulate the force applied 
during the process. A glass coverslip (60×22mm) was 
suspended from a blank mask plate using a droplet of water. 
The stamp was brought to contact with the coverslip gradually. 
Contact was maintained for 2 minutes. Although a majority of 
protein is delivered within the first 10 seconds, the transfer is 
incomplete until 1 minute after contact [12].  
III. PROTEIN ARRAY STAMPING RESULTS 
After fabricating the stamp and transferring the protein as 
described in Section II, the transferred protein was examined 
using a standard optical microscope as well as fluorescence 
microscope. It is evident that distinct islands of protein have 
been formed. Microscope images of the transferred protein are 
presented in Fig 5 and Fig 6. 
An initial application of these protein arrays to the 
investigation of blood platelet adhesion has been conducted. 
Fig. 7 presents an image of the spreading response of isolated 
platelets on the micropatterned surface.  Preliminary findings 
are encouraging and suggest that unlike continuous fibrinogen 
substrates, modification of Fibrinogen surface distribution has 
a considerable impact on the geometry and overall behavior of 
platelet surface adhesion and spreading dynamics. 
Significantly, these initial experiments suggest that platelets are 
able to cantilever across protein free gaps and adhere and 
spread across multiple isolated protein islands (Fig. 7). 
 
Figure 5.  The optical microscopy image of printed protein (1µm dots, with 
1µm seperation) 
 
Figure 6.  DIC & fluorescent composite image of microprinted FITC-
Fibrinogen (3 µm island with 3 µm seperation) [Green] showing the adhesion 
and spreading behaviour of isolated platelets 
 
Figure 7.  Zoomed image from Fig. 6 (White Box) demonstrating the ability 
of platelets to traverse multiple protein islands via the formation of bridging 
membrane extensions. 
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IV. DISCUSSION 
We have shown fabrication of stamp and stamping of 
micron scale protein arrays has been achieved. Furthermore, an 
initial application of these protein arrays to the study of blood 
platelet adhesion has been conducted and the results suggest 
that detectable amounts of protein for cell are transferred from 
aqueous solution to the pretreated glass. The amount of 
transferred protein depends on several factors including the 
applied pressure on stamp, adsorption of protein to the stamp 
and then releasing from stamp, and the age of the stamp [6]. 
We find the pressure applied to the glass support of the stamp 
is crucial to have well defined and well separated islands of 
protein especially in the case that the stamp features are wide 
and shallow. Insufficient pressure could result in irreversible 
adsorption of protein onto stamp [12]; on the other hand excess 
pressure might result in squeezing, deformation of stamp, and 
transferring protein from regions between the raised features of 
the stamp. The optimum pressure can be determined by visual 
inspection of stamp during the process within the mask aligner. 
This should be just sufficient to make contact between the 
raised area of stamp and coverslip so that the protein can 
covalently react with pretreated coverslip.     
The surface chemistry of the stamp is important for both 
adsorption of protein at the first instance and also releasing 
protein from the stamp onto the glass cover slip. It is possible 
to treat the stamp surface using a release layer (such as SDS) 
which can aid protein release [12], however, in this paper we 
have shown that the printed protein pattern improved by means 
of changing the PDMS stamp surface hydrophobic property to 
the hydrophilic using Air/Plasma treatment  
Although the protein patterns were achieved, further 
investigations must be conducted to control the amount of 
protein transferred with this technique.   
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